The impact of globalization on the emergence and spread of pathogens is an important veterinary and public health issue. Staphylococcus aureus is a notorious human pathogen associated with serious nosocomial and community-acquired infections. In addition, S. aureus is a major cause of animal diseases including skeletal infections of poultry, which are a large economic burden on the global broiler chicken industry. Here, we provide evidence that the majority of S. aureus isolates from broiler chickens are the descendants of a single human-to-poultry host jump that occurred approximately 38 years ago (range, 30 to 63 years ago) by a subtype of the worldwide human ST5 clonal lineage unique to Poland. In contrast to human subtypes of the ST5 radiation, which demonstrate strong geographic clustering, the poultry ST5 clade was distributed in different continents, consistent with wide dissemination via the global poultry industry distribution network. The poultry ST5 clade has undergone genetic diversification from its human progenitor strain by acquisition of novel mobile genetic elements from an avian-specific accessory gene pool, and by the inactivation of several proteins important for human disease pathogenesis. These genetic events have resulted in enhanced resistance to killing by chicken heterophils, reflecting avian hostadaptive evolution. Taken together, we have determined the evolutionary history of a major new animal pathogen that has undergone rapid avian host adaptation and intercontinental dissemination. These data provide a new paradigm for the impact of human activities on the emergence of animal pathogens.
radiation (9) . To trace the evolutionary origin of the poultry ST5 strains, we carried out mutation discovery at the same genetic loci among a representative selection of 19 poultry ST5 isolates, as previously described, and identified 29 novel bi-allelic polymorphisms (BiPs) (9) . These polymorphisms, along with 156 informative BiPs previously identified among human ST5 isolates (9) , were used to construct a minimum spanning tree, which included the 19 poultry isolates and 135 isolates of human origin (Fig. 1C) . The phylogenetic analysis indicates that all the poultry isolates are closely related to each other and do not fall into separate clades for diseased and asymptomatic birds, suggesting that S. aureus poultry infections are caused by resident commensal strains (Fig. 1C) . Further, the poultry ST5 clade belongs to an ST5 sub-lineage that includes human strains that were circulating in Poland in the 1990s (Fig. 1C) . Importantly, examination of the distribution of SNPs within the lineage indicates that the Polish human isolates are basal to all isolates in the poultry ST5 clade (Fig. 1C) . Nubel et al. (9) recently demonstrated that ST5 sub-lineages demonstrate phylogeographic clustering, including many that are confined to single countries, indicating that intercontinental spread and fixation in local populations by human S. aureus is very rare. For example, the widespread clone represented by Polish human isolates MR1 and PL72 that was predominant in Polish hospitals in the 1990s (10) has not been identified elsewhere in the world.
To investigate the date of the most recent common ancestor of the ST5 poultry clade and the Polish human ST5 strains (MR1 and PL72), we carried out a Bayesian phylogenetic analysis of human and poultry strains sampled at different time points (ranging from 1976 to 2006), and estimated that a host switch occurred 38 years ago with a 95% CI of 30 to 63 years (Fig. S1 ). The great diversity of geographically isolated subtypes of the CC5 lineage colonizing humans indicates a long-term association of the CC5 lineage with its human host (9) and implies that the common poultry S. aureus clade evolved as a result of a human-to-poultry host jump by a S. aureus strain originating in or near Poland. Further, in common with bovine-adapted strains of S. aureus (11) , poultry ST5 strains have lost the function of several genes involved in human disease pathogenesis, whereas the majority of pseudogenes that accumulated in the ancestral lineage of human MR1 and poultry ED98 have not been implicated in direct human host-pathogen interactions (Table S2) . Neighbor joining tree with bootstrapping consensus inferred from 500 replicates was constructed using concatenated sequences of S. aureus STs from birds (green branches) and representatives of the major clonal complexes of human and animal origin in the S. aureus species (black branches). The 2 major avian-associated clonal complexes, CC5 and CC385, are indicated in blue and red, respectively. (C) Minimum spanning tree based on 185 BiPs in 19 representative poultry ST5 isolates compared with 135 S. aureus ST5 human isolates of global origin analyzed in a previous study (9) . Circle size is proportional to haplotype frequency and line length is proportional to the number of mutational steps between haplotypes. Colored nodes indicate the geographical origin of the poultry isolates, closely-related human isolates from Poland, and the human strain N315. This is consistent with a strain adapting to a recent host switch after long-term association with humans. Taken together, these data strongly suggest that the direction of the host jump was from humans to poultry, leading to the emergence of a new strain of S. aureus with a tropism for birds. The alternative scenario of a poultry-to-human host jump could be explained only by multiple host species jumps, including an initial jump from humans into an unknown non-human intermediate host species, which occurred since the most recent common ancestor of the CC5 lineage, followed by a second jump into poultry resulting in the poultry ST5 clade. In turn, a final jump back into humans would be required, leading to wide dissemination in Polish hospitals (10) .
The Poultry ST5 Clade Has Undergone Rapid Intercontinental Dissemination. The distribution of the poultry ST5 clade in countries in 3 different continents strongly contrasts with the geographical isolation of the closely related human ST5 isolates to Poland (Fig. 1C) , indicating that frequent intercontinental spread of the poultry strains has occurred. This finding is consistent with the globalized nature of the poultry industry, whereby a very small number of breeder companies distribute large numbers of live broiler chickens via a global distribution network. The lack of ST5 poultry isolates identified in Australia is consistent with stringent regulations controlling the import of livestock to the island (see http://www.daff.gov.au/).
The Poultry ST5 Clade Has Acquired Novel Mobile Genetic Elements
from an Avian-Specific Accessory Gene Pool. The poultry clade forms a long branch in the minimum spanning tree constructed by using ST5 polymorphism data (Fig. 1C) , indicating a large number of mutational steps relative to the ST5 clonal radiation. To investigate the genetic basis for the adaptation of the ST5 poultry clade to its new host, we determined the whole genome sequence for a representative poultry ST5 clade strain ED98, isolated from a chicken with BCO in Ireland (12) , and compared it with the genome of the basal human strain from Poland, MR1 (10) (Table S3) . We discovered that the poultry strain ED98 has acquired 5 novel mobile genetic elements (MGEs) not identified among human S. aureus isolate sequences identified to date, including 2 prophages, 2 plasmids, and a staphylococcal pathogenicity island (SaPI; Fig. 2A and Table S4 ). PCR screening of a panel of 48 S. aureus isolates from poultry, reared and wild birds, humans, cows, and sheep representing the breadth of diversity within the species revealed the wide distribution of these MGEs among avian S. aureus isolates and their complete absence among isolates of human or mammalian animal origin (Fig. 2B ). In particular, Av␤, a novel member of the ␤-converting phage family, lacks the immune evasion cluster of genes which are central to the human niche-specific activity of most ␤-converting phages (13) . Instead of the immune evasion cluster, Av␤ contains genes encoding a novel ornithine cyclodeaminase and a putative novel protease that may be involved in avian niche-specific activities. Av␤-related sequences were detected in all 13 avian strains of the CC5 poultry clade, 8 of 9 strains of the avian-specific CC385 lineage, the ST1345 clone specific for Australia, and a Japanese ST1 strain, implying frequent horizontal gene transfer of Av␤ between S. aureus strains from different avian species and of distinct clonal origin (Fig. 2B ). In addition, pAvX, a 17-kb plasmid encoding a thiol protease (ScpA), previously implicated in the pathogenesis of poultry S. aureus infections (14, 15) , and a putative lysophospholipase, was present in 11 of 13 avian CC5 strains examined and in 5 of 9 CC385 strains (Fig. 2) . A second plasmid (pAvY), 1.4 kb in size, encoding 2 hypothetical proteins of unknown function, was distributed among 11 of 13 avian CC5 strains examined and in 2 of 9 CC385 isolates (Fig. 2) . A novel member of the SaPI family (SaPIAv) that encodes 2 putative novel virulence genes at the region typically occupied by superantigen genes in SaPIs (Table S4) (16) was found in 9 of 13 avian ST5 isolates and in 2 isolates from unrelated lineages (ST1345 and CC385). Finally, a second prophage Av1 encoding an allele of the ear gene (SAAV0875), which encodes a protein with putative ␤-lactamase activity (16), was found among 5 of 13 poultry ST5 isolates examined but not among other avian isolates or isolates of human or ruminant origin (Fig. 2B) . The identification of several novel MGEs that are widely distributed among avian S. aureus isolates from distinct clonal lineages and are not associated with human or ruminant strains indicates the presence of an avian niche-specific accessory gene pool for S. aureus. The maintenance of such a gene pool implies that it confers an important selective advantage to bacteria residing in the niche and that horizontal gene acquisition of MGE has played a fundamental role in the avian host adaptation of the poultry ST5 clade. Of note, we found avian-specific MGEs among poultry isolates other than CC385 or CC5 that share identical or closely related STs with human strains in the MLST database. These data suggest that, in common with the ST5 poultry clade, other poultry S. aureus strains have recently switched from a human to a poultry host and are undergoing host adaptation, at least in part through acquisition of avian-specific MGEs. These findings also suggest that the CC5 sub-lineage that includes the poultry strains and human isolates from Poland may be particularly proficient at acquiring MGEs, leading to the emergence of the successful poultry pathogen and the human methicillin-resistant S. aureus clone predominant in Polish hospitals in the 1990s.
The Poultry ST5 Clade Has Diversified from Its Human Progenitor Strain by the Loss of Function of Genes Involved in Human Disease
Pathogenesis. In addition to the acquisition of genes by the poultry ST5 clade, examination of the genome sequence of poultry strain ED98 and comparison with its human basal strain MR1 revealed 197 SNPs. Of note, 10 pseudogenes have arisen in ED98 since the most recent common ancestor with the human strain MR1, including several that would inf luence hostpathogen interactions (Table S2 ). For example, mutations leading to loss of function have occurred in genes encoding a putative surface-exposed lipoprotein, a protease SspA involved in the maturation of SspB that contributes to blood clot formation (17) , and asp1 required for the surface expression of SraP, a cell wall-associated protein involved in the pathogenesis of infective endocarditis (18) . In addition, a mutation leading to a premature stop codon in the gene encoding the major staphylococcal protein A (SpA) has occurred in strain ED98. An identical spA nonsense mutation was found in all poultry ST5 strains examined, indicating that it happened early in the evolution of the poultry ST5 clade. SpA has multiple roles in the pathogenesis of human infections, including adherence to lung epithelium via the TNFR1 receptor (19) , binding to human platelets through its interaction with von Willebrand factor (20, 21) , and inhibition of opsonophagocytosis resulting from non-specific binding of the Fc region of IgG (22, 23) . Of note, the avian equivalent of human IgG is IgY, which has a structurally distinct Fc region that does not bind to SpA (24, 25) , suggesting that SpA would not contribute to the inhibition of opsonophagocytosis in birds. Taken together, we have discovered considerable genetic diversification of the poultry ST5 subtype compared with its basal human strain, which could be (at least in part) the result of host-adaptive genetic events that increase the fitness of S. aureus in its poultry niche. Inasmuch as neutrophils (and the avian equivalent heterophils) are a critical component of the innate immune system of humans and birds, and the primary cellular defense against S. aureus infections, we tested this hypothesis by MGEs identified in the whole-genome sequence of the ST5 poultry isolate ED98. The ED98 genome and plasmid maps represent ORFs (blue arrows on outer circle), GC content (middle circle), and GC skew (inner circle; GCϩ and GC-skew in green and purple, respectively). Prophage and SaPI ORFs are represented by arrows, and red arrows denote genes putatively involved in virulence and/or host specificity. (B) The distribution of novel MGEs identified in the ED98 genome sequence among a panel of diverse isolates of avian, human, bovine, and ovine origin. Neighbor joining tree with bootstrapping consensus inferred from 500 replicates was constructed using concatenated sequences of S. aureus STs from different host species, including representatives of the major clonal complexes identified in the S. aureus species. Labels at branch tips denote STs of strains. A filled box indicates presence of an MGE and an empty box its absence as determined by MGE-specific PCR. A crossed box indicates the presence of a related but non-identical genetic element (determined by successful amplification in 1 of 2 PCRs). Red, blue, and green boxes denote strains of avian, human, and ruminant (bovine or ovine) origin, respectively. Strain prefixes denote the host species origin of the strains including ch, broiler chicken; ph, farmed pheasant; tu, farmed turkey; pa, farmed partridge; cl, poultry layer; bu, wild buzzard; hu, human; bo, cattle; and ov, sheep, respectively.
comparing the ability of the poultry ED98 strain and its human basal strain MR1 to survive cellular killing by avian heterophils or human neutrophils. Remarkably, poultry ED98 had very enhanced resistance to killing by avian heterophils compared with the closely related human MR1 strain (Fig. 3 ). In contrast, there was no significant difference between the strains in resistance to phagocytic killing by human neutrophils. These data indicate that genetic differences identified in the ED98 genome compared with the human MR1 strain contribute to avian host-specific innate immune avoidance, reflecting avian hostadaptive evolution. In particular, we speculate that the acquisition of MGEs that are specific to the avian niche may play a key role in resistance to killing by chicken heterophils, perhaps through expression of novel virulence factors that interfere with heterophil function.
Concluding Comments. The increase in prevalence of skeletal infections of poultry to become a major cause of lameness in the industry correlates with the emergence and wide dissemination of the ST5 poultry subtype. Of note, a previous study reported that the ST5 clonal complex is associated with increased frequency of hematogenous infections of humans, including osteomyelitis (26) , consistent with the largely skeletal tropism of infections caused by the poultry ST5 clade. The reduction in the biodiversity of chickens in the broiler poultry industry such that a very small number of breeding lines are supplied for global consumption promotes the spread of opportunistic pathogens that are resident on those birds and could select for infectious diseases to which those animals are genetically predisposed. Our data highlight the importance of regular screening of the normal flora of livestock to identify newly emerging bacterial pathogens and suggest that decolonization of resident S. aureus from fledgling stocks may be an effective means to reducing the burden of staphylococcal infections.
Although the potential impact of globalization on the emergence of new pathogens is a major public concern, our understanding of the evolutionary basis for such events is lacking. Here we provide a unique paradigm of a major bacterial pathogen of humans that has switched to a poultry host, presumably as a consequence of an increase in human-poultry contact during broiler breeding programs or production. Adaptation through extensive acquisition of MGEs from other S. aureus isolates colonizing poultry, and loss of gene function, has been followed by intercontinental dissemination. The globalization of the food industry has resulted in a massive increase in the transport of livestock worldwide, but the potential consequences of this expansion for pathogen emergence and transmission to previously unaffected geographical regions have not been well examined. Taken together, these data provide broad new insights into bacterial host adaptation and the influence of human activities on pathogen emergence.
Materials and Methods
Bacterial Strains and Growth Conditions. A total of 77 S. aureus isolates from human, avian, bovine, and ovine hosts were examined (Table S1) . Of the isolates, 48 were from healthy or diseased broiler chickens in 8 countries in 4 continents isolated during the past 54 years, 9 were from different species of reared birds (pheasant, partridge, turkey, poultry layer) and a wild buzzard in Scotland. Ruminant isolates (4 bovine and 5 ovine) were isolated in 9 different countries, and 11 isolates were obtained from human infections in 4 countries (Table S1 ). Bacteria were grown to stationary phase in trypticase soy broth (TSB) at 37°C for 16 h with shaking. For exponential phase, 200 L of stationary-phase culture was added to 40 mL fresh TSB and grown to an OD600 value of 0.6. Genomic DNA Extraction. DNA was isolated from 1 mL volume of stationaryphase S. aureus TSB culture by using a bacterial genomic DNA purification kit (Edge Biosystems) according to the manufacturer's instructions, with addition of lysostaphin (5 mg mL Ϫ1 ; AMBI Products) to the cell lysis step.
Genome Sequencing, Annotation, and Comparative Analysis. Whole-genome sequencing by a combination of 454 pyro-sequencing and directed sequencing of PCR products representing gap regions, followed by assembly, and annotation of the S. aureus poultry strain ED98, was carried out before deposition of the sequence in the NCBI GenBank database (see SI Materials and Methods for further detail). Genome sequencing of human strain MR1 was performed with an Illumina/Solexa genome analyzer, and sequence reads were aligned against the ED98 sequence to identify SNPs and large regions of difference (see SI Materials and Methods for further detail).
Pseudogene Identification. ORFs displaying evidence of frame shifts or mutations leading to a premature stop codon were identified using information from the BLAST-extend-repraze (BER) search performed in the J. Craig Venter Institute annotation pipeline, manually checked, and confirmed by directed sequencing. The distribution of pseudogenes was examined in 18 additional poultry ST5 isolates and the human strains MR1 and N315, the latter of which had been analyzed for the presence of pseudogenes in a previous study (27) (see SI Materials and Methods for further detail).
PCR Detection of MGEs.
The presence of novel MGEs among a panel of avian, human, bovine, and ovine isolates was determined by PCR using MGE-specific primers (Table S5) . PCR was performed in 50-L reaction volumes containing approximately 10 ng of genomic DNA, 200 nM of each primer, 1U of GoTaq DNA polymerase (Invitrogen), 1ϫ PCR buffer, 1.5 mM MgCl 2 (Promega) and 0.2 mM deoxynucleoside triphosphates (Promega). Reactions were performed in a Biometra TGradient with an initial 2-min denaturation at 95°C, followed by 30 cycles of 95°C for 30 s, 55°C for 30 s, and 72°C for 1 min or 4 min (depending on predicted product size with each primer pair), with a final incubation at 72°C for 5 min.
MLST and Mutation Discovery. MLST was carried out by PCR amplification and sequencing of internal fragments of 7 housekeeping genes as described previously (28) . Mutation discovery was performed as described previously (9) . Briefly, internal regions of 108 gene loci corresponding to a total of 46 kb were amplified by PCR, and PCR products polymorphic to those of the reference N315 genome were detected by denaturing HPLC and sequenced.
Phylogenetic Analysis. Reconstruction of evolutionary relationships was carried out by using the MEGA 4 package (29) . Concatenated MLST sequence data were used to construct trees using the neighbor-joining method (30) with bootstrapping consensus inferred from 500 replicates (31) . For reconstruction of relationships among ST5 strains, informative BiPs identified by mutation discovery were used to construct a minimum spanning tree by using the Bionumerics 5.1 program (Applied Maths).
To date the predicted host switch from humans to poultry, a Bayesian phylogenetic analysis of human and poultry strains sampled at different time points (ranging from 1976 to 2006) was performed to estimate the date of their most recent common ancestor (see SI Materials and Methods for further detail). (32) . Heparin anticoagulated (10 IU/mL) whole blood was centrifuged at 350 ϫ g and the plasma phase removed. The pelleted cells were resuspended in 1.5 ϫ HBSS without divalent cations (HBSS-/-) containing 1% (wt/vol) methylcellulose and 1% (vol/vol) FBS. The cells were centrifuged at 25 ϫ g for 15 min and the extended buffy layer aspirated, washed once in HBSS-/-, and resuspended in reaction buffer [HBSS-/-with 1% (vol/vol) FBS] before applying to Histopaque density gradients (1.077 and 1.119). The gradients were centrifuged for 20 min at 225 ϫ g. The top 2 layers and mono-nuclear cell band were aspirated and the pellet resuspended in reaction buffer, before washing once in reaction buffer and re-suspending in lysis buffer [distilled water with 0.87% (wt/vol) NH 4Cl and 0.1% (wt/vol) KHCO 3] . The cells were then washed twice in reaction buffer before being resuspended in HBSS with divalent cations (HBSSϩ/ϩ) at 10 ϫ 10 6 /mL, resulting in an average yield of 10 6 heterophils per sample. Human neutrophils were extracted as previously described (33) .
An overnight TSB culture of S. aureus was subcultured in TSB for 2 to 3 h until the bacteria were in early exponential phase (OD 600
of HBSSϩ/ϩ without neutrophils or heterophils. The neutrophils or heterophils were then lysed with 0.1% Triton X-100, and dilutions of 10 Ϫ2 and 10 Ϫ4 made in HBSSϩ/ϩ. One hundred microliters of neat, 10 Ϫ2 , and 10 Ϫ4 solutions were plated in duplicate on trypticase soy agar plates and incubated at 37°C for 14 to 16 h before determination of colony counts. Killing of bacteria was expressed as the percent reduction in colony count in the co-culture compared with the colony count of the bacteria alone.
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We are grateful to J. Rodgers 454 LifeSciences with a GS20 sequencer followed by initial assembly using the Newbler program (Roche). The order and orientation of assembled contigs was determined by scaffolding with the published genome sequence of the human ST5 strain N315 (GenBank accession no. BA000018). Primers specific for sequence gap edges were designed using Projector 2 (1) and used for PCR amplification with Platinum high-fidelity SuperMix (Invitrogen) or Pfu DNA polymerase (Promega) in a Biometra TGradient followed by directed sequencing of PCR products by primer walking. Whole genome assembly was performed by using the Phred/Phrap/Consed package (2, 3). Regions containing duplicated sequences or internal repeats were amplified by PCR and cloned into the pSC-A-amp/kan or pSC-B-amp/kan vectors using the StrataClone PCR cloning kit or Blunt PCR cloning kit, respectively (Agilent Technologies). Directed sequencing was performed using specific primers and plasmid DNA template, facilitating longer sequencing reads for spanning repeat regions. Where nucleotide sequence exhibited more than 85% homology, gene annotation was duplicated from the published annotation of human strain COL using GATU software (4), and the remaining genes were annotated using the J. Craig Venter Institute automated pipeline annotation, which includes Glimmer, BER alignments, alignments with experimentally characterized genes, hidden Markov model matching, and searches for biologically significant patterns with PROSITE. Data were then manually curated in Manatee (http:// manatee.sourceforge.net) and Artemis (5) . Complementary annotation data were provided by the SEED (6) and the Rapid Annotations using Subsystems Technology server (7), and start sites were curated for all genes.
Genome sequencing of S. aureus strain MR1 was performed with an Illumina Solexa Genome Analyzer at the Genepool sequencing core facility at the University of Edinburgh. Raw sequence reads were aligned against the ED98 genome using MAQ (http://maq.sourceforge.net) to identify SNPs, and the output checked to exclude SNPs in reads mapping to MGE as such regions were not considered to be orthologous. Sequences failing to map to the ED98 reference were assembled into contigs using Velvet (8) . Gene content was examined using BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi), dot matrix alignments, and the Artemis comparison tool (9) . Prophages were classified as described previously (10) based on conservation of nucleotide sequences across entire phage.
The complete ED98 genome sequence has been deposited in the GenBank database under accession numbers CP001781, CP001782, CP001783, and CP001784 for chromosome and plasmids, respectively. The MR1 Whole Genome Shotgun Project has been deposited in the GenBank database under accession number ACZQ00000000. The version described in this paper is the first version, ACZQ01000000.
Pseudogene Identification. ORFs displaying evidence of frame shifts were indicated by the BER search performed in the J. Craig Venter Institute annotation pipeline and manually checked. In addition, a Perl script was written for identification of truncated ORFs in ED98 caused by mutations leading to a premature stop codon or indels causing a frame shift. The sequence of each gene of ED98 was compared with its closest homologue as determined by the BER search. Size difference as a percentage of the gene length and percentage identity to best hit was reported and regions manually checked to eliminate differences caused by variable start site predictions. Mutations were confirmed by directed sequencing, and the distribution of pseudogenes examined in 18 additional poultry ST5 isolates and the human strains MR1 and N315, the latter of which had been analyzed for the presence of pseudogenes in a previous study (11) .
Phylogenetic Analysis. To date the predicted host switch from humans to poultry, a Bayesian phylogenetic analysis of human and poultry strains sampled at different time points (ranging from 1976 to 2006) was performed to estimate the date of their most recent common ancestor. The tips of the phylogeny were constrained to the year they were sequenced, and a posterior distribution of tree parameters (topology, dates and evolutionary rates) was estimated using Markov chain Monte Carlo methods in the program BEAST (12) . An uncorrelated log-normal relaxed clock model was used, in which rates of evolution are allowed to vary across all branches (13), using the Hasegawa, Kishino and Yano model of nucleotide substitution (14) , assuming a ␥-distribution of substitution rate across sites in the alignment. Default priors were used in all other cases. Three separate chains were run for 20,000,000 steps each, and after discarding the first 10% as burn-in, convergence was verified using the program Tracer in the BEAST package. To assess whether the prior assumptions were unduly influencing our date estimate, sampling dates were randomly permuted across the different strains and analyses re-run with 2 chains of 10,000,000 steps. This random permutation analysis was performed 10 times (Fig. S1 ).
Ethical Approval. Chicken blood samples for phagocytosis experiments were obtained under the appropriate United Kingdom Home Office licenses. Permission for use of human blood was obtained from the National Health Service Research Ethics Committee and informed consent was obtained from all subjects. (permutation 1-10 ). This test indicates that the date represents true signal in the data, rather than an effect of prior assumptions, because randomly permuting the dates of the tips of the phylogeny gave much older dates with much larger CIs. Ten pseudogenes are specific to poultry ST5 strains indicating they arose since the most recent common ancestor with the human strain MR1, 7 were shared with human MR1 but intact in N315, indicating they arose in the lineage ancestral to the poultry clade and human MR1 but since divergence with N315, and 22 pseudogenes in ED98 are shared with the human strains MR1 and N315 (GenBank accession no. BA000018), indicating loss of function prior to the most recent common ancestor of the entire ST5 radiation (see Fig 2B) . ND, not done. 
